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Directive 2000/60/ECOver the last decades, European rivers have mostly shared the same fate. Until the mid 1980s many of them
were in rather bad shape. Nobody would have thought about using the waters for recreation. However, con-
tinuous efforts over the last three decades have achieved success and today's water quality has changed to
the better. This obvious change in water quality, which was proved by investigations done on the basis of
the European Directive 2000/60/EC framework for Community action in the ﬁeld of water policy, made peo-
ple consider using the rivers for recreation or irrigation. In the present study a Central European River was
investigated from hygienic perspectives (faecal indicators), and its toxicological status was examined —
both of which are parameters which are not included in the Directive 2000/60/EC. The pivotal question
was whether these parameters provide essential and additional information about the river's status and its
quality.
In general, themonthly values for all sampling points from the toxicological tests correlatedwith the determined
physical and chemical statuses according to the national watermanagement plan. Once, however, the toxicolog-
ical values did increase signiﬁcantly. This detection of a single toxicological burstwithin a year of observation un-
derlines the applicability of the tests as screening methods for the detection of toxic substances. Moreover, our
microbiological investigations show high numbers of faecal indicators and Salmonellae.
These results are not consistent with the apparently good quality of the river. Therefore faecal indicators,
which are directly related to the discharge of waste water, should be an integral part of the procedure of
water classiﬁcation.
© 2013 Elsevier B.V. Open access under CC BY-NC-ND license.1. Introduction
The river Mur with a length of 453 km and a catchment area of
13.824 km2 is mainly located in the province of Styria (Austria). It
rises in the unglaciated Central Alps (36%), ﬂows through the foothills
of the Central Alps (32%), and ﬁnally crosses the lowlands around
Graz and ﬂows south towards Slovenia (24%) (BMLFUW, 2009). As
many other rivers in Europe the river Mur was in very bad ecological
condition in the 1980s. Continuous efforts over the last three decades
were successful and today's river quality has changed to the better
and risen from IV to II according to the saprobic system (Austrian
Standards, 1997). This is a typical course for a European river (Mose
and Thiel, 1982; Styrian Government, 2004; Zehnder, 1993). Since
2000, the European Directive 2000/60/EC (European Community,
2000) classiﬁes rivers on their ecological status by a group of four
parameters (biological elements, hydro-morphological elements
supporting the biological elements, chemical and physico-chemical
elements supporting the biological elements, speciﬁc pollutants). Kittinger).
-ND license.and an evaluation score ranging from high, to good, to moderate, to
bad and to poor status.
Out of these four parameter groups, the biological elements most
likely refer to the classiﬁcation scheme according to the “saprobic
system”. The other three groups assess water quality, focussing on
physical, chemical (special pollutants) and hydromorphological param-
eters. Judged under the recent European evaluation scheme the actual
state of the river Mur can mainly be classiﬁed as good (according to
the biological, chemical and physico-chemical elements) (BMLFUW,
2009).
The good quality of the river apparently offers manifold possibilities
as regards what a river could be used for e.g. water sports, swimming,
ﬁshing or irrigation. News that the river has regained good quality
was widely spread and thus especially promoted the usage of the
water for recreation. In good faith of the “drinking water” quality of
the river Mur, these activities have increased within the last few years.
According to the Directive 2000/60/EC, Article 6, Annex IV (iii), a
protected area should be established and registered for bodies of
water designated as recreational waters, including areas designated
as bathing waters under Directive 76/160/EEC. In Article 8 of the
Directive 2000/60/EC the programs of the protected areas could be
supplemented by further speciﬁcations.
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and are directly connected to the potential presence of pathogens. In
the past decades the bad water quality of the river Mur never allowed
a usage of the river for recreation. Therefore, until now, no bathing
areas have been deﬁned for the whole river and as a matter of fact
no analysis according to the bathing water regulation has been
undertaken.
Besides physical, chemical and microbiological indicators, the tox-
icological burden it may bear could also be a very important quality
criterion for a river. According to the literature, ecotoxicological
tests could be a good approach, as the protocols are very reliable in
terms of detecting toxicity in surface or waste water samples (Dizer
et al., 2002; Giuliani et al., 1996; Hamer et al., 2000). These tests can
react on high numbers of mutagenic and cytotoxic substances and
are therefore a very good approach for looking for unknown hazard-
ous substances originating from personal care products, inﬂuents
from hospitals or industry and waste water treatment plants
(Hernando et al., 2006; Zegura et al., 2009).
In the present study the river Mur was investigated from hygienic
perspectives (faecal indicators), and its toxicological status (Malyska,
1994) was examined — both of which are parameters which are not
included in the European Directive (European Community, 2000).
The pivotal question was whether these parameters provide essential
information about the river status.
2. Materials and methods
Water samples were collected monthly from September 2009 to
August 2010 at 21 places of the river Mur (Table 1). P1, the ﬁrst sam-
pling point, is located 60 km downstream from the spring of the river,
on the border to the province of Salzburg. The sampling points then
cover around 300 river kilometres in the province of Styria; the last
100 km, where the river Mur ﬂows through Slovenia, Croatia and
Hungary, was not investigated.
Samples were drawn at the designated places in the middle of the
river approximately 30 cm under the water's surface. The transport to
the laboratory was cooled and microbiological indicators were ana-
lyzed on the same day. For further analysis the samples were frozen
in portions at minus 20 °C.
Faecal indicator bacteria were determined out of 100 ml using the
Colilert 18 System for Escherichia coli (EC) and the Enterolert 18 Sys-
tem for intestinal enterococci (IE) according to the manufacturer'sTable 1
Sampling points, geographic latitude and longitude and river kilometre index.
Sampling
point
Geographic
latitude
Geographic
longitude
River kilometre index
[km]
P1 47°04′19"N 013°54′33"O 402.6
P2 47°06′15"N 014°07′28"O 382.6
P3 47°06′40"N 014°12′40"O 374.5
P4 47°09′24"N 014°24′10"O 356.1
P5 47°11′25"N 014°36′00"O 332.8
P6 47°11′10"N 014°45′11"O 313.8
P7 47°15′13"N 014°53′40"O 295.3
P8 47°23′50"N 015°08′52"O 256.4
P9 47°22′05"N 015°19′38"O 236.3
P10 47°16′08"N 015°19′28"O 218.6
P11 47°06′23"N 015°24′04"O 191.8
P12 47°04′22"N 015°26′05"O 187.2
P13 47°03′39"N 015°26′04"O 185.9
P14 47°02′07"N 015°26′49"O 182.8
P15 46°58′05"N 015°29′20"O 174.6
P16 46°53′11"N 015°31′10"O 163.4
P17 46°49′42"N 015°33′56"O 155.8
P18 46°45′59"N 015°34′19"O 148.0
P19 46°42′36"N 015°38′03"O 138.8
P20 46°42′26"N 015°47′07"O 126.3
P21 46°41′03"N 015°59′14"O 109.2instructions (IDEXX, Ludwigsburg, Germany). Salmonella spp. was
detected out of 1000 ml by an enrichment procedure according to
ISO 6340 (International Standards Organisation (ISO), 1995).
A SOS/umuC assay was carried out to search for mutagenicity. The
assay was carried out according to Reifferscheid et al. (1991), follow-
ing the modiﬁcations of the ISO 13829 standard (Reifferscheid et al.,
1991). The umuC assay was conducted with and without S9 enzymat-
ic activation. All experiments were carried out in triplicates, and me-
dian and standard error of the median were calculated. Growth rate
(G) was calculated with the formula:
G ¼ OD600sample−OD600blank
OD600control−OD600blank :
A growth reduction of 25% compared to the growth control was
considered to be a cytotoxic water sample. The induction rate (IR)
was calculated with the formula:
IR ¼ 1
G
 A420sample−A420blank
A420control−A420blank :
According to ISO 13829 an induction rate of ≥1.5 was taken as a
signal for mutagenic potency in the water samples.
For the determination of cytotoxic potential of the water sam-
ples, a MTS test (Promega, Austria) was carried out. The test
is based on the yellow salt [3-(4,5-dimethylthiazol-2-yl)-5-(3-
carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium, inner
salt; MTS] which is converted into the blue/violet water insoluble
salt formazan. The conversion into formazan is mediated by dehy-
drogenases of intact mitochondria and therefore provides insight
into cell viability. HepG2 (DSMZ ACC 180) cells were used for cyto-
toxicity assays. Cells were cultivated in Dulbecco's Modiﬁed Eagle
Medium (DMEM, Promega, Austria) with 10% foetal bovine sera (FBS,
Promega, Austria) and 100 U/ml penicillin/streptomycin (Sigma Aldrich,
Austria) at 37 °C and5%CO2. Passages between3 and6were taken for ex-
periments. Cell numberwas titrated toﬁndout the best ratio between cell
number and maximum signal response. A cell number of 1×104 cells/
well was found to be ideal. For cytotoxic analysis, cells were freshly seed-
ed into 96 well plates and allowed to attach for 4 h. After that, 40% of the
media were replaced by water samples and incubated for 20 h at 37 °C
and 5% CO2. After the incubation 20 μl of the Dye Solution was added.
The plates were incubated for up to 4 h at 37 °C in a humidiﬁed, 5%
CO2 atm. The absorbance at 492 nm was recorded with a Zenyth 3100
Multimode Detector (Beckman Coulter, Austria). Deionized water served
as control. Experiments were carried out in triplicates. The viability of the
cells incubated with deionized water was taken 100% and the viability of
the river samples was put into relation to them.
%Viability sample ¼ 100  Abs492 Water Sample
Abs492 Control Sample
A reduction of the viability to 70% compared to the test sample
was taken as a cytotoxic response (Zegura et al., 2009).
Statistical signiﬁcance for all data as well as median and standard
deviation of the median were calculated with GraphPad Prism™
5.01 for Windows, GraphPad Software, San Diego California USA,
www.graphpad.com.
3. Results
3.1. Ecotoxicological investigations
For the metabolic MTS testing, HepG2 liver carcinoma cells were
incubated with the water samples, as they should be partly capable
for phase I liver enzymatic reaction (Knasmuller et al., 2004). In the
MTS testing, the incubation with sterile deionised water was set as
100%metabolism. In the median, monthly values of the sample points
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vated for February to August (except April). The differences of the
median values were around ±10% and statistically not relevant
(Fig. 1a). In addition, umuC testings without S9 did not show any
values that would be judged as toxic. All values were below cut off
1.5 Units as described in Materials and methods. Although the sam-
pling point values were summed up and presented for each month,
the median values did not differ much, and also the standard devia-
tion of the median was low (Fig. 1b).
In contrast to the umuC investigations without prior S9 activation,
the results for activated samples showed different values for Novem-
ber. Although the median value for November was not elevated, the
standard deviation rose signiﬁcantly (Fig. 2a). To clarify this diver-
gence, the values for November over the 21 sample points were ana-
lyzed separately and are shown in Fig. 2b. The values for the umuC
test start to rise from P7 on and decrease to P14 and override the
limit of 1.5 from P15 to P21 constantly.
3.2. Bacteriological parameters
Faecal indicator bacteria showed signiﬁcant ﬂuctuation over the
course of the river. Taking the numbers for EC and IE (Fig. 3a, b) the
river Mur can be divided into 3 segments:
• From P1 to P6: with moderate bacterial burden.
• From P7 to P14: a sudden increase of the bacterial number was no-
ticed followed by a moderate decrease.Fig. 1. a, b: Box and whiskers graphics for MTS and umuC testing (summation of the 21
sample points for each month), with median and standard deviation.• From P15 to 21: the sector downstream of the Styrian capital Graz
with massive bacterial contamination.
To give a better overview of the bacterial load over the course of
the river, the river was classiﬁed according to the bathing water reg-
ulation (90th percentile). Limiting values represent bathing water
quality “sufﬁcient” which is the lowest accepted quality level for
bathing water according to the Directive 2006/7/EC. There were
only 4 sampling points for IE and 2 for EC that did not violate the
limits for sufﬁcient water quality. Summing up the two parameters
only one sampling point (P4) met the criteria according to the bath-
ing water regulation (Fig. 4a, b).
To visualize seasonal distribution of EC, IE and Salmonella spp. over
the course of the river Mur, values for all sampling points over one
year are presented in Fig. 5. The single results were judged according
to the Directive 2006/7/EC (European Community, 2006) and pres-
ence or absence of Salmonella spp. Depending on the season, numbers
of EC and IE reached their maximum in September, October and De-
cember as well as in June and August, with higher standard deviation
of the median (data not shown). In addition, 44% of all sampling
points were positive for Salmonella spp., 14% from P1 to P6 and 56%
from P7 to P21.
Summarizing all bacteriological parameters and dividing the sample
points in two groups – points without any exceedance and points with
at least one (IE, EC and Salmonella spp.) – allows a comprehensive pre-
sentation of the seasonal water status. 45% of all measurements were
without limit violation; 76% for P1 to P6 and from P7 to P21 only 33%
of all samples were without objection. Even 30% of the samples with
no limit violation for IE and EC scored positive for Salmonella spp.
Using the criteria above, none of the sampling points was without any
limit violation during the observation period (Fig. 5).4. Discussion
The river Mur faces similar problems as many other European
rivers. After an ecological near-breakdown in the 1980s, a variety of
efforts were made. Waste water management of the industry and
new sewage treatment plants all along the river lead to a signiﬁcant
increase of the water quality. This improvement of quality has been
evaluated and well-documented (BMLFUW, 2009). In our study we
wanted to determine whether the evaluation scheme according to
the Directive 2000/60/EC (European Community, 2000) is sufﬁcient
for the river quality management and furthermore if the results
from our toxicological and microbiological investigations provide es-
sential information.
Except November, the monthly values for all sampling points from
the MTS and the umuC investigations correlate with the physical and
chemical evaluated status (BMLFUW, 2009). The toxicological values
in November increased signiﬁcantly starting directly downstream of
the industrial region around Graz. The detection of a single toxicolog-
ical burst within a year of observation underlines the applicability of
the test.
The toxic load of surface water is a well-known problem and has
been investigated by other authors (de Lourdes Marzo Solano et al.,
2009; Dizer et al., 2002; Hernando et al., 2006; Mathur et al., 2007).
Ecotoxicological tests as described by Zegura et al. (2009) are a sensitive
tool for detecting unknown mutagenic or toxic burden. The beneﬁt of
these biological tests is the possibility to scan toxicological summation
parameters regardless of the substances in the water. The reliability
of the test and the short processing time would be a recommend-
able complement or even a replacement for the chemical parame-
ters according to Annex V of the European Directive 2000/60/EC
(European Community, 2000). Search for “priority substances” could
be done only after positive primary signals from ecotoxicological
testings. The management of toxicology in rivers only by looking for a
Fig. 2. a, b: Box and whiskers graphics for umuC testing (summation of the 21 sample points for each month) with median and standard deviation (a) and an overview for all sam-
pling points for November (b).
Fig. 3. a, b: Concentration of EC (MPN/100 ml) and IE at the different sample points over 12 month.
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Fig. 4. a, b: 90th percentile for EC and IE at the sampling points. The red lines represent
limiting values for microbial parameters (330/100 ml for IE and 900/100 ml for EC).
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Fig. 5. Overview of bacterial contamination of the river Mur. Red areas represent a limit viola
Salmonella spp.
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detection of dangerous burden.
The microbiological indicators are not part of the European Direc-
tive 2000/60/EC. Only the bathing water regulation (Directive 2006/
7/EC) has a classiﬁcation scheme for microbiological burden classify-
ing water depending on the concentration of faecal indicator bacteria
(Table 2). The bad water quality of the river Mur in the past decades
never allowed a usage of the river for recreation. Therefore, until now,
no bathing areas have been deﬁned for the whole river and as a mat-
ter of fact no analysis according to the bathing water regulation had
been undertaken.
Summing up, the results of our microbiological investigations are
not consistent with the apparently good ecological quality of the
river. According to the bathing water directive, 20 out of 21 samplings
points failed the minimal requirements and had to be classiﬁed as
“poor quality”. Looking at the bacterial burden in detail in Fig. 5, it
is obvious that 45% of all sample points are positive for Salmonella
spp. which does not need to be investigated according to the bathing
water directive. Additionally, Salmonella spp. does not only emerge
together with high concentrations of IE and EC, it is also present in
30% of the sampling points which were not rejected (no limit viola-
tion for IE and EC) (Fig. 5). Sources for bacteriological contamination
with faecal indicators can be either point sources like discharge of
treated or untreated sewage or diffuse discharge from urban or agri-
cultural runoff. In addition water birds are discussed as important
source for microbiological contamination (Kirschner et al., 2009;
Wither et al., 2005).
Similar studies (Kirschner et al., 2009) on the river Danube, the
river Seine (Garcia-Armisen et al., 2006; Servais et al., 2007) as well
as in southern Germany (Schindler, 2001), showed similar results
on the bacterial burden. These results have to be considered under
the aspect that according to Kay et al. and Wiedenmann et al. the lim-
iting values are far too tolerant (Kay et al., 1994; Wiedenmann et al.,
2006). Base on the massive violation of these moderate limits a usage
of such waters for recreation has to be estimated as a serious health
risk for people. The repeated outbreak of leptospirosis among sport-
ing events in rivers (e.g. triathlon) (Brockmann et al., 2010; MorganMar Apr May Jun Jul Aug
tion for EC (>1000 cfu/100 ml) or IE (>400 cfu/100 ml), black dots mark a presence of
Table 2
Microbiological classiﬁcation of inland water (*based upon a 95 percentile evaluation
and **based upon a 90 percentile evaluation, Directive 2006/7/EC).
Parameter Excellent
quality
Good
quality
Sufﬁcient
quality
Poor
quality
IE (cfu/100 ml) 200 (*)ISO 400 (*) 330 (**) >330
EC (cfu/100 ml) 500 (*) 1000 (*) 900 (**) >900
429C. Kittinger et al. / Science of the Total Environment 447 (2013) 424–429et al., 2002; Radl et al., 2011) underlines the importance of the sur-
veillance of faecal indicator bacteria in rivers.
The classiﬁcation “poor water quality” of the river Mur based upon
faecal indicators stands in strict contradiction to the “good ecological
status” according to the European Directive 2000/60/EC. The high
numbers of faecal indicators are directly related to the discharge of
waste water and should therefore be an integral part for the classiﬁ-
cation of waters, no matter if the water is used for recreation or not
and should not be limited on protected areas.
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